T he critical dep en d en ce o f p lasm a confinem ent in low -shear stellarators, such as W endelstein VII-A, on the external ro tational transform can be explained on the basis o f m agnetic surface destruction. E xternal sym m etry-breaking p e rtu rb a tio n s generate islands on the low o rd e r rational m agnetic surfaces. T h e islands are largest a t / = 1/2 and t = 1/3. C onfinem ent is o p tim u m in close proxim ity to these values. In o rd e r to study the structure o f surfaces under the influence o f p ertu rb atio n s, a m ap p in g pro ced u re is used instead o f field line integration. It is found th a t the n eig h b o u rh o o d o f low -order rational surfaces is particularly robust against surface d e stru c tion. T he reason is th a t in this vicinity only ratio n al surfaces w ith large m and n exist (t = m/n). On these surfaces th e external p e rtu rb a tio n only generates sm all islands.
I. Introduction Experiments in low-shear stellarators like W VII-A
[ 1] exhibit a critical dependence o f the plasma con finement on the structure o f the magnetic field. At particular values o f the rotational transform / ( / = 1/2, 1/3, 2 / 5 , . . . ) confinem ent is deteriorated, which indicates that around these low-order rational values o f t magnetic surfaces are destroyed by perturbation fields. The experimental results in dicate that the perturbation breaks the five fold symmetry o f the configuration and therefore can be explained by field errors com ing from the coil system. Numerical calculations [2] have indeed shown that current leads to the helix create a local perturbation field o f 1 0 -2 0 G, which gives rise to island formation on rational surfaces. The largest islands occur at / = 1 / 2 , three smaller islands at t= 1/3 and five islands at / = 2/5. Islands are also found at t = 3/7 and t = 3/8. It is not surprising to find enhanced plasma losses in the presence o f such islands. As can be seen from Fig. 3 , where log 1 /n is plotted vs t = m /n * . An /-interval from t = 0.48 to 0.49 contains rational surfaces with larger values o f m and n than the region from t = 0.44 to t = 0.45. A magnetic field perturbation B , , which is created internally or externally, contains several Fourier harmonics, which are in resonance at / = m/n and create a chain of at least n islands. W ith a decreasing per turbation spectrum, we expect the size o f islands to decrease strongly with the period n (n is the number (1)
The distribution o f rational numbers is shown in
The rotational transform t (i//) = t0 + t x y/ + t2 yt is specified by three constants t0 , t x, t 2 . 
A first conclusion from this inequality is that small is helpful in preventing the stochastic instability. The threshold for stochasticity depends on the product £/ mt', therefore a high shear system will be more easily destroyed than a low shear system. The conclusions drawn so far are quite general without referring to the specific nature o f the perturbation. To proceed further we consider a sim ilar situation as it is found in the periodically kicked pendulum where the driving force is a delta- In the preceding analysis the perturbation is localized to an angle y/s in the toroidal direction. Thus the perturbation breaks the symmetry o f the stellarator field which is five fold in the case o f W VII-A. If the same perturbation occurred in each period, its effect on island formation would be much smaller. In order to study this behaviour, the mapping process described in (3) was applied to each field period. For this purpose the toroidal angle o f the perturbation and its poloidal localiza tion have to be specified for each period. By proper choosing all parameters characterizing the perturba tion in each field period we can either preserve the symmetry or break the symmetry. In Fig. 17 it is shown how the same perturbation which creates two islands at / = 1/2 (see Fig. 4 ) leads to 10 small islands if it occurs in each field period. The am pli tude K is 0.02, which is five times as high as in Figure 4 . If the parameters are chosen in such a way that the position o f the perturbation is different in each field period, the symmetry o f the system is broken and large islands appear again. This is shown in Fig. 18 where the am plitude o f the pertur bation is the same as in Fig. 4 (K = 0.004) . A similar situation holds for every rational magnetic surface and it can be shown from the Hamiltonian form o f the field line equations (6 ) that a perturbation equally distributed in every field period is much less destructive than one occurring only once around the torus.
V. Conclusions
Like the problem o f a kicked pendulum the effect o f toroidally localized perturbations on unperturbed magnetic surfaces can be studied with a discrete map o f the poloidal plane onto itself. The results show that the influence o f a fixed perturbation on island formation differs according to the region o f rotational transform and shear. The regions close to low-order rational surfaces / = 1/2 and t= 1/3 are less destroyed by islands than others. This might give an explanation o f the good confinement ob served in these regions. Two effects o f islands have to be expected: one is the m odification o f the equi librium and the other one the enhanced plasma diffusion. Plasma equilibrium in the presence of islands is still an unsolved problem, neither a successful analytic theory nor a numerical code having been established to deal with this problem. The presence o f electric fields which follow the pattern o f the islands may lead to convective cells and result in enhanced plasma losses. Also neo classical diffusion processes should be enhanced by islands since particles can jum p from island to island by Coulomb collisions. Monte Carlo sim ula tion by White et al. [12] have verified this effect. Although these are only qualitative considerations, they make plausible why the region with high-order rational magnetic surfaces exhibits better confine ment than those with lower ones.
There seems to be an optim um value o f the shear parameter / j . If the shear is too small, any island can grow to an intolerable size. If the shear is too large, island overlapping leads to rapid destruction o f the magnetic surfaces. In the W VII-A stellarator the shear is m odified by the plasma pressure and by the pressure driven currents. In order to understand the details o f the experimental results, these m odi fications have to be taken into account.
In principle symmetry-breaking perturbation can be avoided in stellarators. In a modular stellarator all systematic perturbations like current leads and joints can be made equal in every field period, what is left being statistical errors coming from the construction and the assembly. Internal m odifica tions o f the field due to the finite plasma pressure preserve the symmetry, and thus they should be less effective.
